Background. Very few studies have assessed the impact of poor sleep and sleep medication use on the risk of falls among communitydwelling older adults. The objective of this study was to evaluate the association between sleep problems, sleep medication use, and falls in community-dwelling older adults. Methods. The study population comprised a nationally representative sample of noninstitutionalized older adults participating in the 2010 Health and Retirement Study. Proportion of adults reporting sleep problems, sleep medication use, and fall was calculated. Multiple logistic regression models were constructed to examine the impact of sleep problems and sleep medication use on the risk of falls after controlling for covariates. Results. Among 9,843 communitydwelling older adults, 35.8% had reported a fall and 40.8% had reported sleep problems in the past two years. Sleep medication use was reported by 20.9% of the participants. Older adults who do have sleep problems and take sleep medications had a significant high risk of falls, compared to older adults who do not have sleep problems and do not take sleep medications. The other two groups also had significantly greater risk for falls. Conclusion. Sleep problems added to sleep medication use increase the risk of falls. Further prospective studies are needed to confirm these observed findings.
Introduction
One-third of community-dwelling adults aged 65 years and older experience a fall per year [1] . Falls can cause both fatal and nonfatal injuries. It is also associated with reduced functioning and earlier admission to nursing homes [2, 3] . In 2010, approximately 21,700 of older adults died from unintentional fall injuries [4] .
One potential risk factor for falls that needs further investigation is self-reported sleep problems [5] . Sleep complaints are common in older adults, as 50% of communitydwelling older adults report poor sleep [6, 7] , and studies have shown that sleep problems increase the risk of falls in older adults [5, [8] [9] [10] . Additionally, the consumption of medications to aid sleep, like sedative hypnotics, is common in older adults [11] , and studies have shown such medication use to be associated with risk of falls [11, 12] . A metaanalysis found that sedatives and hypnotics (OR = 1.47; 95% CI = 1.35-1.62), antidepressants (OR = 1.68; 95% CI = 1.47-1.91), and benzodiazepines (OR = 1.57; 95% CI = 1.43-1.72) have a significant association with falls in older adults [12] . In another study with community-dwelling older adults, use of anxiolytics and sedatives hypnotics significantly increased the risk of falls in men (OR = 1.43; 95% CI = 1.22-1.67) and in women (OR = 1.33; 95% CI = 1.22-1.46), when they used the drug up to 85 days before the fall [13] . However, these studies did not consider reported sleep problems as a potential confounder when assessing the relationship.
One study has assessed the association between insomnia and hypnotics use on risk of falls among institutionalized population [14] . This study found that older adults with insomnia but who did not take hypnotics as well as those who have insomnia and who did use hypnotics had a greater risk of falls compared to those who did not have insomnia and did not use hypnotics [14] ; thus it remains to be seen if such an association exists among community-dwelling older 2 Journal of Aging Research adults. There is clearly a lack of literature on whether the underlying sleep problems cause falls in older adults who take medications for sleep. Therefore, we conducted a study to evaluate if sleep problems and sleep medication use were associated with risk of falls, injurious falls, and recurrent falls in community-dwelling adults aged 65 years or older. Identifying whether sleep problems, sleep medication use, or both increase the risk of falls may further help healthcare decision-makers to better treat older adults with poor sleep and who are already at risk of falling.
Methods

Data Source and Study
Sample. This study was a crosssectional analysis of the 2010 Health and Retirement Study (HRS) dataset. Health and Retirement Study (HRS) is a longitudinal panel study that surveys more than 22,000 Americans every two years and it is conducted by the University of Michigan [15] . The most recent wave of 2010 data at the time was used in the study. In this study, we included all community-dwelling adults aged 65 years or older from the HRS dataset. We excluded those respondents who (1) resided in nursing homes during year 2010, (2) did not respond in the year 2010 survey, or (3) had missing values on any of the variables.
Outcome Variable.
Falls were assessed in the HRS by asking the question, "Have you fallen down in the last two years?" The response to this question was categorized as "yes" or "no" and was used to define the outcome variable in this study. If the participants responded "yes," they were further asked the number of times they had fallen and whether they had been injured seriously enough to need medical treatment in any of the falls.
Predictor Variables.
In the HRS, respondents were asked about their sleep problems through four questions: (1) "How often do you have trouble falling asleep?" (2) "How often do you have trouble with waking up during the night?" (3) "How often do you have trouble with waking up too early and not being able to fall asleep again?" (4) "How often do you feel really rested when you wake up in the morning?" The responses were categorized as "most of the time," "sometimes," and "rarely or never." Since the questions about sleep are asked as part of a questionnaire about their current health status, the responses reflect their current sleep issues. For this study, participants were defined as having a sleep problem, if the respondents answered "most of the time" in any of the first three questions or "rarely or never" on the fourth question [5, 16] . This approach was appropriate since the questions and responses were mostly the same with the past literature.
Sleep medication use by respondents was assessed in HRS with the question: "In the past two weeks, have you taken any medications or used other treatments to help you sleep?" The responses were categorized as "yes" or "no" and were used to identify respondents that used sleep medications in this study.
Covariates.
Based on previous studies, the covariates that are recognized as a risk factor for falls were included in this study. Demographic variables of interest in this analysis were age, sex, race, education level, and marital status. Other variables of interest included smoking status, alcohol use, health status, number of comorbidities, limitation in activities of daily living (ADL), limitation in instrumental activities of daily living (IADL), limitation in mobility, self-rated eyesight, and presence of incontinence [17] [18] [19] . Age was categorized as "65-74 years," "75-84 years," and "85 years or older." Sex was categorized as "male" and "female," race as "Caucasian" and "others," and marital status as "married" and "others." Education level was estimated by the years of education and categorized as "no education," "less than high school," "high school," and "more than high school."
Smoking status was categorized as "current," "former," and "nonsmokers." Use of alcohol was classified as "drinker" and "nondrinker." Health status was self-reported and was categorized as "excellent/very good/good," "fair," and "poor." Based on previous studies using HRS data, the number of comorbidities was measured by the sum of the following selfreported conditions: high blood pressure, diabetes, lung disease, heart disease, stroke, emotional or psychiatric problems, arthritis, and Alzheimer's disease [20] [21] [22] . Comorbidities were then categorized as "none," "1-2," "3-4," or "5 or more."
Information about functional status was also taken into account because it is highly related to risk of falls [17, 23] . Activities of daily living (ADL) included bathing, dressing, toileting, eating, and transferring. The number of limitations in activities of daily living (ADL) was the sum of any difficulties on these five tasks. Instrumental activities of daily living (IADL) included ability to use the phone, shopping, preparing for food, responsibility for own medications, and ability to handle finances. The number of limitations in instrumental activities of daily living (IADL) was the sum of any difficulties on these five tasks [21, 24] . Limitations in mobility included difficulty in any of the following tasks such as walking one block, walking several blocks, waking across a room, climbing one flight of stairs, and climbing several flights of stairs. Each criterion of functional limitation was categorized as "0," "1-2," or "3-5." Self-rated eyesight was included because impaired vision has been reported to be a risk factor for falls [17, 23] . It was categorized as "excellent/very good/good/fair" and "poor/legally blind." The presence of incontinence, categorized as "yes" or "no," was also included [18] .
Statistical Analysis.
Using individual sampling weights, weighted descriptive statistics were generated and used to summarize the characteristics of the participants. Percentages were used to describe categorical variables, and mean and standard deviation (SD) were used to describe continuous variables. Chi-square analysis was conducted to determine the association among categorical variables of interest.
The effect of sleep problems and sleep medication use and their combined effect on falls were assessed by multiple logistic regression models. Multinominal logistic regression models were used to assess the association of recurrent falls or injurious falls with predictor variables with nonfallers as the reference group. The unadjusted relationship was calculated followed by adjusted relationship with all the covariates in the model. Collinearity among the covariates was assessed. In addition, the effect of each sleep problem ("trouble falling asleep," "trouble with waking up during the night," "trouble with waking up too early and not being able to fall asleep again," and "trouble feeling rested when waking up in the morning") on the risk of falls was assessed. Results were reported as odds ratios (OR) and 95% confidence intervals (CI). value < 0.05 was considered significant. All statistical analyses were performed using SAS 9.4 statistical software (SAS Institute Inc., Cary, NC, USA).
Results
Population
Characteristics. Based on our inclusion and exclusion criteria, we identified 10,354 older adults from the HRS 2010 dataset. Data from 511 respondents were excluded due to missing data, which is less than 5% of the respondents. Thus, the final dataset consisted of 9,843 participants.
Overall, 35.8% of the older adults reported a fall at least once in the last two years. Among those reporting a fall, 29.9% had serious injuries requiring medical treatment and 60.4% fell more than once. The proportion of older adults reporting sleep problems and sleep medication use was 40.8% and 20.9%, respectively. Table 1 shows the characteristics of the participants by fallers and nonfallers. The proportion of participants with falls was higher among those aged 85 years or older and among females, compared to nonfallers. Similar results were seen in participants who self-reported their health as poor, had 5 or more comorbidities, had more activities of daily living (ADL), had instrumental activities of daily living (IADL) and mobility limitations, and self-reported their eyesight as poor/legally blind. (Table 2) . Table 3 reports the unadjusted and adjusted associations between sleep problems, sleep medication use, and falls. Compared to participants reporting no sleep problems and no sleep medication use, those reporting sleep problems and sleep medication use had significantly increased risk of falls (OR = 1.79; 95% CI = 1.54-2.08). However, after adjusting for covariates, older adults with no sleep problems and sleep medication use had the highest increase in the risk of falls compared to the other groups. All of the associations were attenuated after adjusting for the covariates in the full model but remained significant.
Associations between Sleep Problems
Associations between Sleep Problems, Sleep Medications, and Injurious Falls.
The falls were further categorized into injurious falls and noninjurious falls. Among the total sample, 10.7% experienced injurious falls while 25.1% experienced noninjurious falls. Greater proportion of injurious fallers (49.0%, = 520) reported sleep problems than noninjurious fallers (46.4%, = 1,178) and nonfallers (37.2%, = 2,362). Similarly, greater proportion of injurious fallers (30.0%, = 309) reported using sleep medications than noninjurious fallers (22.6%, = 579) and nonfallers (18.8%, = 1,140). Compared with nonusers, sleep medication users had a 40% higher risk of having injurious falls. All the groups were more likely to experience injurious falls compared with the group with no sleep problems and no use of sleep medications. However, the effect of sleep problems and sleep medication use did not increase the risk of noninjurious falls. Table 4 reports the relationship between sleep problems, sleep medication use, and injurious falls.
Associations between Sleep Problems, Sleep Medications
, and Recurrent Falls. Recurrent falls were defined as falling more than once in the past two years. Among the total sample, 14.2% were single fallers, and 21.7% were recurrent fallers. Participants using medications or treatments for sleep were approximately 18.8% ( = 1,140) among nonfallers, 21.6% ( = 305) among single fallers, and 26.9% ( = 583) in recurrent fallers. Recurrent fallers had higher proportion of those with sleep problems (51.8%, = 1,129) compared with single fallers (40.2%, = 569) and nonfallers (37.2%, = 2,362). After combining sleep problems and sleep medication use, recurrent fallers had a higher proportion of those with both sleep problems and sleep medication use (17.7%, = 388) compared with single fallers (11.5%, = 166) and nonfallers (10.8%, = 649). Compared with participants with no sleep problems, those with sleep problems were 26% more likely to have recurrent falls. Similarly, compared with nonusers of sleep medications, users had 21% higher odds of having recurrent falls. However, sleep problems and sleep medication use did not affect the risk of nonrecurrent falls. In addition, the group with sleep problems and sleep medication use had a significantly higher risk of recurrent falls compared with the group with no sleep problems and no sleep medication use. Table 5 reports the relationship between sleep problems, sleep medication use, and recurrent falls.
Association between Type of Reported Sleep Problem and
Falls. Among individuals reporting a fall, 16.9% ( = 624) reported having trouble falling asleep, 31.1% ( = 1,089) reported trouble waking up during the night, 15.6% ( = 565) reported trouble with waking up too early and not being able to fall asleep again, and 14.8% ( = 530) reported trouble feeling rested when waking up in the morning. Table 6 reports the relationship between type of sleep problem and the risk for falls. The risk of falls was higher among respondents reporting any of the four sleep problems in the unadjusted associations. However, after adjusting for covariates including sleep medication use, only respondents with "trouble falling asleep" had an increased risk of falls. Sleep problems = participants who have trouble "most of the time" in any of sleep problems: "trouble falling asleep," "trouble with waking up during the night," and "trouble with waking up too early and not being able to fall asleep again," or "rarely or never" on sleep problem: "trouble feeling rested when waking up in the morning."
c Sleep medication use = participants who have reported taking any medications or using other treatments to help sleep. ADL = activities of daily living; IADL = instrumental activities of daily living; E/VG/G = excellent/very good/good. 
Discussion and Conclusion
The purpose of this study was to assess the effect of sleep problems and sleep medication use and their combined effect on the risk of falls, injurious falls, and recurrent falls in community-dwelling older adults. In a representative sample of community-dwelling older adults in 2010, this study showed that 35.8% of the participants had a fall at least once in the last two years. Similar percentage of older adults had fallen compared to the prior studies which reported that one in three community-dwelling older adults has a fall per year [25] . However, what constitutes a fall was not defined further in the survey. About 5-10% of falls in community-dwelling older adults result in severe head injury and joint dislocation and additional 5% in a fracture [26] . Approximately 30% of falls led to serious injuries in this study; thus it is possible that respondents were more likely to remember to report falls that required medical treatments. Additionally, this study found that 40.8% report sleep problems. The prevalence was similar compared to previous studies [6, 7] . Only 20.9% used medications or other treatments to help sleep in the past two weeks and among those who have sleep problems as we have defined in this study, only 30.4% used sleep medications. Many older adults may continue to take sleep medications despite continued sleep problems. No significant differences in sleep quality between older adults who take benzodiazepine-receptor agonists and those who take placebos have been reported [11] , and there is lack of evidence of significant treatment effect of using sedative hypnotics on a long-term basis [27] . Older adults with reported sleep problems had a significant increase in the risk of falls after adjusting for covariates (OR = 1.13; 95% CI = 1.01-1.25). The possible mechanisms could be that poor sleep may cause daytime sleepiness, cognitive dysfunction, and slower response time which could result in falls [5, 14] . Although the risk attenuated after considering covariates, the risk was still observed. However, older adults who used sleep medications or other treatments for sleep were not at increased risk of falls after adjusting for covariates. A study by Ensrud and colleagues which followed community-dwelling older women on hypnotics for one year for incidence of falls found that women taking benzodiazepines (multivariate odds ratio, MOR = 1.34; 95% CI = 1.09-1.63), antidepressants (MOR = 1.54; 95% CI = 1.14-2.07), and antiepileptics (MOR = 2.56; 95% CI = 1.49-4.41) were more likely to experience falls at least once [28] . Sedative hypnotics could increase falls by the effect on postural instability, psychomotor impairment, and cognitive dysfunction [29] . Furthermore, the risk of falls associated with these medications could be increased because of age-related changes in physiology resulting in altered pharmacokinetics and pharmacodynamics in older adults [29] . Therefore, the lack of significance in the finding could again be due to a short time frame of documented sleep medication use relative to the time frame for reported falls and lack of definition of sleep medication and treatments for the respondents in the survey. Additionally, there was increased risk of falls among older adults who had sleep problems and who used sleep medications. However, after adjusting for covariates, older adults with no sleep problems and who used sleep medications had the highest risk of falls compared to other groups. This finding suggests that sleep medications did not have a protective effect on falls when considering sleep problems in the association. A study by Avidan and colleagues assessed the risk of falls in the same four groups with cross-tabulation of insomnia and use of sedative hypnotics: (1) insomnia, hypnotic use, (2) insomnia, no hypnotic use, (3) no insomnia, hypnotic use, and (4) no insomnia, no hypnotic use [14] . However, the results are inconsistent with the current study. Avidan and colleagues found that insomniacs who did not take hypnotics (OR = 1.55; 95% CI = 1.41-1.71) and insomniacs who took hypnotics had a significant increase in the risk of falls (OR = 1.32; 95% CI = 1.02-1.70) [14] . Insomnia without hypnotics had the highest risk of falls compared to any other groups and hypnotic use had a protective effect on falls in older adults, suggesting that the condition of insomnia might have been better treated with the medication resulting in fewer falls [14] . Although the study by Avidan and colleagues and the current study have conflicting results, the presence of sleep problems such as insomnia was found as a key risk factor for falls.
The risk of injurious falls associated with sleep problems and sleep medication use was also assessed with a multinominal logistic regression model. The effect of sleep problems and sleep medication use on the risk of injurious falls showed that the group with no sleep problems and sleep medication use had the highest risk of injurious falls compared to those with sleep problems and no sleep medication use and to those with sleep problems and sleep medication use compared to the reference group. This pattern was similar to the risk of falls generally. A prospective cohort study also found a significant increased risk of injurious falls related to the use of sedative or hypnotics (RR = 1.50; 95% CI = 1.03-2.19) [30] , but other studies did not find sleep problems to be related to falls that required medical attention for an injury [31, 32] . Moreover, the risk of recurrent falls was studied. The risk of recurrent falls was seen in older adults with sleep problems and no sleep medication use and in those with sleep problems and sleep medication use but it was not seen in those with no sleep problems and sleep medication use. This could be due to the low sample size in that group. None of sleep problems and sleep medication use was associated with risk of single fall and this could be related to differences in physical performance [33] and risk factors of falls [34] between single fallers and recurrent fallers.
In this study, the risk of falls by type of reported sleep problem among older adults was also assessed. Each sleep problem had a significant increase in the unadjusted risk of falls; however, only "trouble falling asleep" significantly increased the risk of falls after adjusting for covariates including the use of sleep medications. We do not know when falls occurred in these older adults, but since they had trouble falling asleep even though they took medications or treatment for sleep, we can assume that they could have walked around during the night in a hyperarousal state which can increase the risk of falls. A study by Brassington and colleagues evaluated the same aspects of sleep disturbance in older adults as in the current study except for one type of sleep problem, which was "trouble feeling rested when waking up in the morning," and found that difficulty in falling asleep at night (OR = 1.53; 95% CI 1.04-2.24), waking up during the night (OR = 1.91; 95% CI = 1.44-2.54), and waking up too early in the morning and not being able to fall asleep again (OR = 1.64; 95% CI = 1.11-2.42) were significantly associated with the occurrence of falls after adjusting for covariates including a use of prescription medication [5] . The number of covariates that were adjusted for was fewer than in the current study and therefore may not have adjusted for the effect of confounders such as ADLs, IADLs, and mobility. In contrast, Teo and colleagues evaluated the same categories of nighttime sleep problems and used the same scale as Brassington and colleagues and reported conflicting findings [16] . Teo and colleagues did not find a significant increase in the risk of falls in the same nighttime sleep problems after adjusting for the covariates [16] . While results from our study add to the finding from previous studies, further prospective research in community-dwelling older adults is needed to accurately quantify the risk of falls by type of sleep problem.
Some strengths of this study may be noted. Since the HRS study had representative sample of older adults, national estimates were obtained. Also, several risk factors such as ADL and IADL were controlled as covariates in this study. However, as with any study, this study has limitations. First, since information was self-reported, there could be misclassification bias or recall bias. Second, because this is a cross-sectional study based on self-reported information, causal relationships cannot be explored in this study. Third, falls and medications or other treatments to help sleep were not clearly defined in the HRS survey. Variations in the definition of falls could result in misclassification bias. Fourth, unlike other questions where respondents were asked to provide information on their current sleep issues and sleep medication use, the questions on assessing falls were asked based on their experience during the last two years. The differences in the time interval may result in lack of temporal relationship between drug exposure and the outcome. Still the study results add valuable information to the current literature by shedding light on sleep problem, sleep medication use, and falls in community-dwelling older adults. Finally, information on the circumstances of falls was not collected in HRS but this information would have been useful and should be collected in future studies.
In conclusion, this study found that sleep problems, use of sleep medications, and occurrence of falls are common among community-dwelling older adults. This study adds to the literature by assessing the combined effect of sleep problems and sleep medication use on risk of falls, injurious falls, and recurrent falls in community-dwelling older adults by grouping the participants. Older adults without sleep problems and taking sleep medication had the highest risk of falls compared to other groups of those with sleep problems and taking sleep medications, those with sleep problems and not taking sleep medications, and those without sleep problems and not taking sleep medications. Healthcare professionals should consider medication-associated risk when treating sleep problems in community-dwelling older adults. Moreover, more studies are needed to examine this association in community-dwelling older adults.
